\ 

i 



Japanese Patent Appli cation Preliminary Publ ication No. Hei 9-171151 

Laid open on: June 30, 1997 

Title of Invention: Image Dispaly Apparatus 

Patent Application No. : Hei 7-330607 

Filed on: December 19, 1995 

Inventor: Koichi TAKAHASHI 

Applicant: Olympus Optical Co., Ltd. 

translation of the portion marked A on pages 5-11 (paragraphs 

[0046]-[0065] ) 

[0046] 

[Modes for Carrying out Invention] In reference to the drawings, de- 
scriptions will be made of the first to sixth embodiments of the image 
display apparatus according to the present invention. While 
configuration parameters of each embodiment will be presented later, the 
surface arrangement numbers are assigned in order from the pupil position 
1 of the observer to the eyepiece optical system 9 to conform to the reverse 
ray tracing. The coordinate system is defined, as shown in Fig. 1, by 
the origin at the iris position 1 of the observer, Z axis where the 
direction along the visual axis 2 of the observer from the origin toward 
the eyepiece optical system 9 is positive, Y axis which intersects the 
visual axis 2 of the observer at right angles with the direction from 
the lower side toward the upper side as viewed by the eye of the observer 
being positive, and by X axis which intersects the visual axis 2 of the 
observer at right angles with the direction from the right side toward 
the left side as viewed by the eye of the observer being positive. In 
other words, the paper surface of Fig. 1, which will be explained later, 
is Y-Z plane, and a plane perpendicular to the paper surface is X-Z plane . 
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Also, the optical axis is bent in Y~Z plane on the figure. 
[0047] In the later described configuration parameters, regarding a 
surface for which the decentering amount Y, Z and the angle 6 are shown, 
these parameters mean the decentering amount in y-axis direction and in 
Z-axis direction of the vertex of the surface in reference to the first 
surface (pupil position 1) as the reference surface and the tilt angle 
of the center axis of the surface in reference to Z axis, where a positive 
value of ^ means counterclockwise rotation. In this case, the surface 
separation has no meaning. 

[0048] Also, for each surface, the shape of the rotationally asymmetric 
aspherical surface is expressed by the following aspherical equation in 
a coordinate system that defines the very surface, where Ry, are the 
radius of paraxial curvature in Y-Z plane (plane of the paper surface) 
and the radius of paraxial curvature in X-Z plane, respectively, K^r Ky 
are conical coefficients in X-Z plane and in Y-Z plane, respectively, 
AR, BR are the fourth order- and the sixth order- aspherical coefficients 
that are rotationally symmetric with respect to Z axis, respectively, 
and APf BP are the rotationally asymmetric fourth order- and sixth order- 
aspherical coefficients, respectively. 

[0049] Z = [ iX^/R^) + (Y^/Ry) ] / [ 1 { 1 - (1 + K^) (X^/R^^) - (1 + Ky) {Y^/Ry^) } 
1/2] + AR[(1 - AP)X^ + (1 + AP)y2]2 + [ (1 _ BP)X2 + (1 + BP)Y^]^. 

Also, a refractive index between surfaces is presented as the refractive 
index for d-line rays, and the unit of length is mm. 

[0050] Sectional views of monocular type image display apparatuses of 
the first to sixth embodiments are shown in Figs. 1-6, respectively. In 
each sectional view, the reference numeral 1 represents the pupil position 
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of the observer, the reference numeral 2 represents the visual axis of 
the observer, the reference numeral 9 represents the eyepiece optical 
system, the reference numeral 11 represents the first surface of the 
eyepiece optical system 9, the reference numeral 5 represents a half 
mirror as the second surface of the eyepiece optical system 9, the 
reference numeral 6 represents a magnifying mirror (concave surface 
mirror) as the third surface of the eyepiece optical system 9, the 
reference numeral 12 represents the fourth surface of the eyepiece optical 
system 9, and the reference numeral 8 represents the image display 
element . 

[0051] The actual route of rays in these embodiments is as follows: 
Bundles of rays emanating from the image display element 8 enter the 
eyepiece optical system 9 as refracted at the fourth surface 12 of the 
eyepiece optical system, are transmitted through the half mirror 5 and 
reflected at the magnifying mirror 6 to be returned to the half mirror 
5, then are reflected at the half mirror 5 and incident on the first surface 
11 of the eyepiece optical system 9 to be refracted there, and are 
projected inside the eyeball of the observer with the exit pupil 1 being 
positioned on the iris of the eye of the observer or at the rotation center 
of the eyeball. 

[0052] Values of the field angle etc. for each embodiment are as presented 
below. According to the first embodiment, the horizontal field angle 
is 40° , the vertical field angle is 30.6° , the pupil diameter is 4mm, 
the angle formed by a normal to the half mirror 5 and the visual axis 
2 of the observer is 37.42° , and the curvature at the vertex of the half 
mirror 5 is -0.0056mm"^. 
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[0053] According to the second embodiment, the horizontal field angle 
is 30** , the vertical field angle is 22.8"* , the pupil diameter is 8mm, 
the angle formed by a normal to the half mirror 5 and the visual axis 
2 of the observer is 39.9° , and the curvature at the vertex of the half 
mirror 5 is -0.0046mm"^. 

[0054] According to the third embodiment, the horizontal field angle 
is 45° , the vertical field angle is 34.6° , the pupil diameter is 4mm, 
the angle formed by a normal to the half mirror 5 and the visual axis 
2 of the observer is 43.45° , and the curvature at the vertex of the half 
mirror 5 is -0.01mm"i. 

[0055] According to the fourth embodiment, the horizontal field angle 
is 45° , the vertical field angle is 34.6° , the pupil diameter is 4mm, 
the angle formed by a normal to the half mirror 5 and the visual axis 
2 of the observer is 38.59° , and the curvature at the vertex of the half 
mirror 5 is -O.OOSmm"^. 

[0056] Accor.ding to the fifth embodiment, the horizontal field angle 
is 45° , the vertical field angle is 34.6° , the pupil diameter is 4mm, 
the angle formed by a normal to the half mirror 5 and the visual axis 
2 of the observer is 41.8° , and the curvature at the vertex of the half 
mirror 5 is -0.0055mm"^. 

[0057] According to the sixth embodiment, the horizontal field angle 
is 40° , the vertical field angle is 30.6° , the pupil diameter is 8mm, 
the angle formed by a normal to the half mirror 5 and the visual axis 
2 of the observer is 42.39° , and the curvature at the vertex of the half 
mirror 5 is -0.0038mm~^. The configuration parameters of the above- 
mentioned first to sixth embodiments are shown below. 
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[0058] First Embodiment 



Surface 
Arrange. No. 



1 

2 



Radius of Curvature 

CX3 (pupil) 

oo 



R, -179.211 
-165.411 
K, 0 
K, 0 

AR 0.127284 XIO'^ 

B R -0. 565396 X lO"'^ 

AP -0.107951 

B P -0.119600 XIO^ 

Ry 180.917 

R, 99.112 

K, 0 

K, 0 

AR 0.108134 XlO-5 

B R 0.211006 XIO '" 

A P -0. 199934 

B P 0.108930 XIO' 

R, -30.858 

R, -37.728 

Ky -0.648366 

K, -4.488275 

AR 0.283824 X IQ-" 

BR -0.406175 XIO"^ 

AP -0.117155 XIO' 

B P -0. 974334 

(image display element) 



Separation Refractive Index Abbe's No. 

(DecenteringAmount) (Tilt Angle) 



Y 
Z 

Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



1. 5254 
0. 0000 
20. 355 
1.5254 
-2.194 
35.355 



1.5254 
-12.807 
48.355 



11.666 
10.085 



15.451 
33.857 



56.25 
-3. 72° 

56. 25 
37.42° 



56.25 
84.69° 



d 107.71' 



e 88. ir 
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[0059] Second Embodiment 



Airan^^^No. Radius of Curvature 



1 

2 



oo (pupil) 

oo 



Ry -218.075 
R, -153.445 

-3.368535 
K, -10.000000 
AR 0.571943 XIO ** 
B R -0.917414 X10-'2 
A P -0. 368789 
B P -0. 587966 X 10' 



K, 
K, 
AR 
B R 
AP 
B P 



224. 186 
162. 490 
0 
0 



0.948197 XIO-** 

0.156382 X10-'2 
-0. 122671 

0.753978 XIO' 



R, -1413.225 
R, -87.184 
Ky -8.000000 
10.000000 
AR 0.270191 XlO-5 
B R -0. 776615 X 10"* 
A P -0. 595865 
BP 0.479127 
(image display element) 



Separation Refractive Index Abbe's No. 

(Decentering Amount) (Tilt Angle) 



Y 
Z 

Y 

Z 



Y 
Z 



Y 

Z 



1.5254 
0. 0000 
20. 000 
1.5254 
4.969 
31.862 



1.5254 
-13.161 
41.138 



Y 12.660 
Z 25.000 



19.617 
28. 387 



d 



56.25 
-9.32° 

56.25 
39.90° 



56.25 
83.54° 



6 68. 09° 



e 97.26° 
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[0060] Third Embodiment 



A^^le'i^No. Radius of Curvature 



R,- 

R, 
K, 

K. 
A R 
B R 
A P 
B P 



oo (pupil) 
173. 329 
41.324 
0 
0 

-0. 329652 
0.523728 
0.876156 

-0. 202358 



XIO-** 
X10-" 
XlC 
XIO' 



Rj,-100. 000 



K, 

K. 
AR 
B R 
A P 
B P 

Rv 
R. 
K, 

K. 

AR 

B R 

AP 

B P 

R 

R. 

K. 
AR 
B R 
AP 
B P 



952. 298 
0 
0 

-0. 789469 
0.314882 
-0. 126990 
0.239103 
699. 924 
60. 372 
0 
0 

0.472554 
0.423116 
0.935918 
0. 139150 
-11.757 
-4. 496 
-1. 774022 
-3.509119 
0.822394 
-0.179411 
-0. 127684 
-0. 114684 



xio-"' 

XIO-'" 

XIO^ 

XIO' 



XIO-'" 
xi0-'2 
XIO^ 
XIO^ 



Separation Refractive Index Abbe's No. 

(Decentering Amount) (Tilt Angle) 



XIO--" 
XIO-* 

XIO' 
XIO' 



Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



1.5254 
-3. 353 
20. 147 



1.5254 
-0.313 
31.542 



1.5254 
-13. 353 
43. 377 



11.484 
24.253 



56.25 
-2. 43° 



56.25 
43.45° 



56.25 
79.33° 



6 89. 25° 



(image display element) 



Y 10. 037 
Z 37. 142 



e 73. 55° 



7 



[0061] Fourth Embodiment 
Radius of Curvature 



Surface 
Arrange. No. 



R, 

R. 

K. 
AR 
AP 
B P 

Rx- 

Ky 

K, 
AR 
BR 
AP 
B P 



oo (pupil) 
-288. 420 
-613. 123 
0 
0 



0.115829 XIO-'' 
0. 203677 
0.171442 XIO- 
200. 000 
261.675 
0 
0 

0.163562 XIO-'^ 
-0.301809 XIO-'^ 
-0.564787 X10-' 
-0.123717 XIO^ 



Ry 102.370 
R, 68.331 
K, 0 
K, 0 

AR 0.992790 XIO"'^ 
BR 0.605520 XlO''^ 
A P -0. 238580 
BP 0.610124 XIO' 
Ry -40.454 
R. -38.017 



Ky 

K. 
AR 
BR 
AP 
B P 



-0. 232146 
-5. 408361 
0.921621 xiO-^ 
-0.107135 xi0-« 
-0.108753 XlO' 
-0.957482 
(image display element) 



Separation Refractive Index Abbe's No. 

(Decentering Amount) (Tilt Angle) 



Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



1.5254 
0.671 
20. 040 



1.5254 
-1.792 
35.040 



1.5254 
-13.876 
48. 040 



6.671 
3.099 



11.393 
36.812 



56.25 
0.03° 



56.25 
38. 59° 



56.25 
87. 47° 



e 113.70° 



e 81.18° 
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[0062] Fifth Embodiment 



Surface 
Arrange. No. 



1 

2 



Radius of Curvature 



CO (pupil) 



R, -183. 184 
R, -172. 198 
Ky 0 
K, 0 

AR 0.388012 XIO"** 
BR -0.933882 XIO"'" 
AP -0.173951 XIO' 
BP -0.223255 
72.254 



Ry -92.917 



K, 

AR 
B R 
AP 
B P 



-42. 127 
0 
0 

0.128407 XIO-"" 
-0.307966 XIO-'" 
-0.161439 

0.517646 XIO' 



(image display element) 



Separation Refractive Index Abbe's No. 

(Decentering Amount) (Tilt Angle) 



Y 
Z 

Y 
Z 



Y 
Z 

Y 

Z 



Y 
Z 



1.5254 
-15.000 
20. 000 
1.5254 
18.348 
21.000 



1.5254 
-11.323 
28. 472 
12.110 
20. 000 



12.512 
35. 183 
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d 



56.25 
0.00° 

56.25 
41.80° 



56.25 
73.43° 



e 79.60° 



6 86. 16° 
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[0063] Sixth Embodiment 



Surface 
Arrange- No. 



Radius of Curvature 

oo (pupil) 
256.499 



Ry -261. Oil 
R, -604. 816 
Ky -10.000000 
K, 0 

AR -0.100334 XIO-^ 
B R -0.137823 XlO"'" 
AP -0.679774 XIO^ 
BP -0.312747 
Ry 166.156 
R, 106.217 
Ky 0 
Kx 0 

AR -0.171410 XIO-^ 
BR 0.106042 XIO-^" 
AP 0.286805 XIO' 
BP 0.948785 
Ry -261.011 
R, -604.816 
Ky -10.000000 



AR 
B R 
A P 
B P 
R, 

R, 

K, 

AR 
B R 
A P 
B P 



0 

-0.100334 xiO-« 
-0.137823 XIO-^" 
-0.679774 XIO^ 
-0.312747 
74.598 
111.513 
0 
0 

0.942722 XIO-*^ 
-0.412902 X10-" 
0.261913 X10» 
0.378035 XIO* 
(image display element) 



Separation Refractive Index Abbe's No. 

(Decentering Amount) (Tilt Angle) 



Y 

z 

Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



1.4870 
76.098 
26.430 
1.4870 
30. 709 
25. 177 



1.4870 
-21.391 
51.676 



1.54787 
30.709 e 
25.177 



8.126 
81.238 



Y 
Z 



19.346 
78. 835 



70.40 
-9.60° 

70.40 
42. 39" 



70.40 
72. 57' 



47.40 
42.39'' 



d 112.83" 



d 71.17" 
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[0064] Next, lateral aberration diagrams of the first embodiment are 
shown in Figs. 7-9. In the similar manner, lateral aberration diagrams 
of the second to sixth embodiments are shown in Figs. 10-12, Figs. 13-15, 
Figs. 16-18, Figs. 19-21, and Figs. 22-24, respectively. These 
aberration diagrams show, with numerals in parentheses expressing 

(horizontal field angle, vertical field angle) , lateral aberrations at 
that field angle. 

[0065] While the image display apparatus of the present invention is 
described above based on the embodiments, the present invention can be 
variously modified, not limited to these embodiments. In order to 
configure the image display apparatus of the present invention as a 
head-mount type image display apparatus (HMD) 21, the apparatus is used 
as mounted on the head of the observer upon a head band 20, for example, 
being coupled thereto, as shown in the sectional view of Fig. 25(a) and 
the perspective view of Fig . 25(b). In this application example, a liquid 
crystal shutter 13 is provided in front of the half mirror 5 as the second 
surface of the eyepiece optical system 9, so that the outside view is 
observable selectively or as superimposed on the image derived from the 
image display element 8. 
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^^/cfii, t£;^iI60ffifflt/h? <-r-^.^!J*7!)^ii:^-r 
'^>o oil?, /N-7<9-5tcJ:^/hS9fb<^x(,^7!i%:^ 

[0 0 2 2] t/c, ^^m(Dmm.±^^.\,zxtn£. ±m 

[0 0 2 3] St'^, mim. ^3®;RO-'»4®tcJ:or 

v»/c«6, ^2ffi;ii^;»ci < ^"b-f. Blit^^^/Maici- 
^itjisr-S^o ttz. mm^i^mi)m<^£i>rziif)i,z^ 

ffl-^iS-;ti-&»2®T-%^1-4 3-7lR^, #lCii5'>:n-7 
[0 0 2 4] if^, ^2ffil±liS^#lc*^L-ClH]M4-l6jlt 

[0 0 2 5] ? 1^ 1 MI±jE<7)/N-7-5r^i-^igig 

^ <miiSL-riZt:df-r^^io ^hliZ. ||2 SlciJlt-Si^fe 
[0 0 2 6] tfz. ^3ffil±^2MlCitL-CiaffiSrfp]»t 

^tciis-r-sc: tTi^T-i^-So Ltz-f)^<>x^ ^mtmm^<r> 
[0 0 2 7] t if aaTt^^iiW^-r-i.ii'^'t < t ^> 2 

mxitmMi:m^-r^m^i,z:^mr'$,:ha 

[0 0 2 8] ^r, J; "jJili^^/hMoiiffe^/T^^ttu 



m2mRu'm3m\.zx-oxmis.^tii,^mmi}im^'i 

i:'oi^^^'mMX'mfz^ixx^^i>fzifx-a. ^tth<DH^ 
05 SffliE^+S-l^^TT i tTi^Bil terror L f ^^i^*^* 

o 

[0 0 2 9] ^(orztf). mim. ^2E, ^3ffir-?fM 
^fii>^mi:mfz-rmn<D!^ifrmt. ^2m. ^4mx- 
mm.^tii^mi:mfzi-m'R(omtnmtiim^j:ii>(r)t 

[0 0 3 0] m2mt^<Dik(om3m(Of^^KmiKm 

■ fz . liftS^*^- » 4 ® i3 It * ^^«^i±* 

15 miZB^W-nx^^fzif)^ •feJJXS<05§5feliii'^^v>o L^jtJ^ 

>b^z. mm^^^^^'omfS.tLx. mm^m^tmi^mm 
25 -A^T^mt^^io 

[0 0 3 1] S7^J> ^IM, ^2®, ^3ffiS.t>'^4ffi 

]E±m^x$):bo mi-r^iiniz. mm^nmmiriw,.^. 
30 iifflicit3:2L, mm^(oi§.^^^h^x±r:f]m<oT*^h 

T;fc>&:^ [pj O £ «r IE t i- ^. X # t L 

fzm^. jifEoj: T ui^^r < i 1 1 mmi'L^^mmt-t 
^ t »±, Y:^|fi] (cii-uXiifSv^TSea ^ » 2 mx' 

[0 0 3 2]':^^^<r)i^[Z. mm^6§.^<omUiZU'i^ 
*-S.vM±ffiv^-CB2®?ixfjS:i^®=t*i--& ^ T'O^II 

•7iR||7!)*5&^1-^o Cc7>aift^nTi|XMl±RS-r®Oili# 

45 tt/tm'f^LXLt^o ^(otzib. ft.m-kxfhm<r>m 

\nMyr^mm.\,zt£ix\lKiihumm<r)^^m)^-K^ < f£ 

[0 0 3 3] :i<r>i.')tj:^m^tj:u-7mM.^nJE-ti>tztb 
50 tCI±, Sai7t:^.^^«fi£i--&®Wi^^ < t t 1 ®S:fi-L,> 
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t I W^ffi t i- -& C t -C . O / N- 7 - Sr ^Itt 1 1 i t L 

[0034] mim. ^2®, »3ffi®.C>'^4B(7)4^cO 
ffiiE±^aT-*S„ oil), Y-Z®rt<Offl!^#St i 

[0 0 3 5] znmmi. ||2ffi*^mtti;i=J-LTfi-L^* 
V M ± il V > r ^ > ^ /c 46 U *H i i J|X^ 1 1i IE -r ^ i6 O ^ 

Wi- ^ 5fe^l± Al+E 1^ t AW® lcE3ci- EF*3T-^II(C 

Bfii^o Htr R W® Jii^tttt L -C fi 'L^* -i) V M± f« V > T @e 

®, ^3®^tt>'^4®04'0^-^< t l®<75ffi!^#g 
liAStSrt t Ctit il:5£-r-i)®l*IUiJV^-C^^:^ <><0i: 

M-O B-O 

3 5° < u< 6 0° 

[0 0 4 0] ^^m<r>mi^^7jimm.<ommit^ 

*-?>o (8) S:0±|!It06 0° *i@x.T:^g; < 't^.t. 

» 2 ®T-|§^-t- ^ 3 vJR||7iMte<7)®T-fflIET- § ^ v^S:^ 

- 0 . 0 3 < C,a,< - 0 . 0 0 2 
^O±PlO-0. 0 0 2mm-'Sr®x.T;fe^ < ^-St, 

*><|S+i5-?#c>tL^eV»o TPIW- 0. 0 3 mm-'^^Sx.•r 
/^ $ < ^ -6 t . ^2 -7l«3i < ^ -r 
46, -(liKT^ffiT-ffiiET-^ 'fcv^eilX^^lcn-TJR^TiflS^I- 
[0 0 4 2] tfc. mi^m^^mi^om^mimmizHL 

[0 0 4 3] ja.±<:oiafgs^^MtciJv»r. mmwr^m 



[0 0 3 6] ifz. mm.yt^^(D^ i M^to-*^ 3 mmss 

05 ') >yLX\^^i,ZtAWL\^-o ISlffl5.J>'^3H<7)fer 

J: •) , ^Ittlc*tLTliftS^«?ffl<^ilfti:-?-OSit 
1HlJOIiiftT-^Mtf4->{w%^-r ^ n-rJ|XM<oaiE^, IjftS 
SBM-t ^® ^ ^ 2 ffiT-jR#f^(/)3ttt IcW L T 1^ 

[0 0 3 7] tfz. sii®, ©2®, msMRi/m^m 

15 ^®Xt±r:f*;w7 -r -y ^'®icj:>&5sbms-?||j£i-^i t 
[0 0 3 8] ^i-C, gSffl®l±Tfe^ (7) 

20 

• • • (7) 

[0 0 3 9] ttz. ^mit^Jh<om2Mnm^^tmM^ 

• • • (8) 

tio TPficOS 5° «r@x.T/h& < ^^t, m2mx<r> 

? < ^ , IS 2 ®T-RWf^<735fe«ft7>*i«®*r6] 

30 izm<> XLt^o 

[0 0 4 1 ] tfz. mwL^^^^<^m2m<omTMX'(omm 

(mm-') • • • (9) 

i:m-ri>ztizx^x. mmmii^^L/zmiik^mm-t 

[ 0 0 4 4 ] t /c, m^0.mm=f-tmm.it^iMmm^ 
mmzHLxiiLmiki6-ri,^^^^L. mm^mw^m: 

'^$^^mm:^\^x-mmimm-r i> z t^^sjmt^j: 

40 [0 0 4 5] S/c, < i: 2M<o::<OJ; -5 JiliftS 

^A-tzmmi^mL. mmx'^tihi:mm-r^zti,zx 

[0 0 4 6] 

lliife«aji7>-c>6tcov^-r, Bl®^#B3LTi5i^i-^o # ,4 .. 
50 v^T, ®#-f-Ji; tS^«Otte«l 7!i^<b«BI*^^.9^ 
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[0 0 4 7] -etr. ^fefS1->2)^^/^•^^-5^4^^ci^v^ 
^i'L^ftY, z tm^A0m^m.^tix^^^m{z^\^^ 

ii6f7)z$a3&-»b<ofi^^^;tt*L. -eo^^. ^7:>>'iE(is: 

[0 0 4 8] ifz. #ffitci>v^T. ^^[lI|ci^l4;^^^J^M 

(D&mmm^'i^. k, , ti^n^^nx-zffi. y- 

Zm\H(Dm%^M. AR. B Rt±^fL-e*fLZ|fiH^tLT 

-^;h- z IS ti^t L T mte^^W^^ 4 ^ic. 6 ^^CO^^J^Sif iS: 

[0 0 4 9] Z = [( XVRJ+ (YVRy ) ] / [1+ 
I 1-(1+KJ ( XVR,2)-(i+K,) ( YVR/)I 
+AR [ (1-AP) Xh{ 1+AP) Y2] 2+B 
R [ (1-B P) X2+( 1+B P) Y2 ] 3 

[0 0 5 0] mi-me{z^ti^^iixmmmi-6(om^ 

9 tiigil*^*. 1 1 ti^BI*^.^. 9 1 ffi. , 5 ti« 
.^.9<7)»3ffiT**^i£:feSt (IHJBii) . 1 2ti®BI*^ 



.?;9 0at4m, 8(iilf^-S7T>-^T--C*-S)o 

[0 0 5 1 ] zixh<Dmmmi,zisif;bnm<oytm^m 
(Dm4mi 2xmii}\Lxmm^^^.9iixmL. ^^-y 

05 ^ 7-5^ai§LT};i::^^t6-CJRW$a■c/^-7^ 

5HM*). 4'S^i/^"7^^-5T*Rll^^i^T^gaI*^ 
.^.90^1H1 1 UAMLT/SJ/f^:h.T. m«#Ottc7) 

10 [0 0 5 2] #^J£0!l<7)li^^<7)fIii:. ^Jfee^fl 1 (OtKW- 
M^4 0*' , mUMMSO. 6' . itS4mm. ^^-■7 
^7-5Offi«at«Sl^mtt2C0^i-:%JS3 7. 4 2 
^ y^-y ^ 5(DmTMX<r>m^~ 0 , 0 0 5 6 mm 

15 [0 0 5 3] nmm2<D7i^w-mA3 o^ . m\S.mM2 

2, 8** . itg8mm. 7 ^ - 5 tl^# 
tatt2 (7);^-r^jS3 9 . ' 9** . ^ ^- 5 0B1IT- 

(Offl^^-0. 0 0 4 6 mm-»-r-*j;E)o 

[0 0 5 4] %m\\ 3 o*TMft 45°, mumn 3 

20 4. 6' . Itg4mm. /^- "7 ^ - 5 OffilRi: IS^^ 
ti^2 0^-r:^jK4 3. 4 5** . /^-•7^^."5 0M]I 
-COffl^- 0 . 0 1 mm-^Xhho 

[0 0 5 5] 4 (oii^wmn 45". si:ha 3 

4. 6** . aig4mm> :7 ^ -7 - 5 tS^# 
25 ma2 0^1-ftjg3 8. 5 9** . ^- 5 0ffi]I 

T'COffl^^- 0 . 0 0 5 mm'^Xhho 

[0 0 5 6] nmrn 5 <DAwmn 45'. sttij:^ 3 

4. e** . BtS4mm, >'^- :7 ^ ^ - 5 1 11^^ 

mtt2(7)^t-ftjg4 1 . %^ ^ ^^-y ^y-b<nmmx 

30 <7)ai^- 0. 0 0 5 5 mm-^-ei)^o 

[0 0 5 7] %mm 6 cT^^ipsift 40°, SttH^ 3 

0, 6"* . atg8mm. y ^ y - s <nmmtmm^ 

mm2<r>f£-t^mA 2 . 3 9° . /^-•7 ^ ^- 5<7)M1S 
T-Offl^-O. 0 0 3 Smm-'Xh^o lUTU. 
35 ffie^Jl -6O«ffi/<^>-^c0ft=^^t-o 
[0 0 5 8] SJSfiJ 1 

1.5254 56.25 

Y 0.0000 e -3.72° 
Z 20. 355 

1.5254 56.25 

Y -2.194 6 37.42° 
Z 35.355 



1 oo (^) 

2 oo 



3 Ry -179. 211 

R, -165. 411 
Ky 0 
K. 0 

AR 0.127284 XIO"^ 
BR -0.565396 x 10"^^ 
A P -0. 107951 
B P -0.119600 X102 
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10 0 5 9] m 



K, 

K. 

AR 

B R 

AP 

B P 

R, 

Rx 

K, 

K, 
AR 
B R 
AP 
B P 



180.917 
99. 112 
0 
0 

0.108134 XIO-^ 
0.211006 XiO-^" 
-0. 199934 
0.108930 X10» 
-30. 858 
-37. 728 
-0. 648366 
-4.488275 
0.283824 XIO-'* 
-0.406175 XIO'^ 
-0.117155 X10» 
-0.974334 



oo 



Ry -218. 075 
R, -153.445 
Ky -3.368535 
-10.000000 
AR 0.571943 XIO'^ 
BR -0.917414 X10-»2 
AP -0.368789 
BP -0.587966 XlO^ 
Ry 224.186 



R, 162.490 
Ky 0 
K, 0 

AR 0.948197 XIO"^ 
BR 0.156382 XIO'^^ 
A P -0. 122671 
BP 0.753978 XlO* 
Ry -1413. 225 
. R, -87.184 
Ky -8.000000 
K, 10.000000 
AR 0.270191 XIO-^ 
BR -0.776615 XIO"^ 
A P -0. 595865 
BP 0.479127 



1.5254 56.25 
Y -12.807 0 84.69' 
Z 48.355 



Y 11.666 
Z 10.085 



Y 
Z 



Y 
Z 

Y 
Z 



Y 
Z 



e 107. 7r 



15.451 
33, 857 

1.5254 
0. 0000 
20. 000 
1.5254 
4.969 
31.862 



6 88. ir 



56.25 
-9.32*' 

56.25 
39. 90* 



1.5254 
Y -13.161 
Z 41.138 



12.660 
25.000 



56.25 
83. 54" 



6 68. 09' 



19.617 0 97.26' 
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[0 0 6 01 M 



Z 28. 387 

1 oo (K) 

2 Ry -173. 329 1.5254 56.25 
R, 41.324 Y -3,353 6 -2.43° 
Ky 0 Z 20.147 

K, 0 

AR -0.329652 XIQ-^ 

BR 0.523728 XIO'" 

AP 0.876156 XIO^ 

B P -0.202358 XIO^ 

3 Ry -100. 000 1.5254 56.25 



[0061] m 



Ky 0 Z 31.542 



R, 952.298 Y -0.313 0 43.45" 

0 

K, 0 

AR -0.789469 XIO"*^ 
BR 0.314882 XIO''^ 
AP -0.126990 XIO^ 
BP 0.239103 XIO^ 

Ry 699.924 1.5254 56.25 

R, 60.372 Y -13.353 d 79.33' 

Ky 0 Z 43.377 

K, 0 

AR 0.472554 XIQ-^^ 
BR 0.423116 X 10-^2 
AP 0.935918 XIO^ 
B P 0.139150 X102 

R -11.757 Y 11.484 6 89.25' 

R, -4.496 Z 24.253 

Ky -1.774022 

K, -3.509119 
AR 0.822394 XlO-** 
B R -0.179411 XIO-^ 
AP -0.127684 XIO^ 
B P -0.114684 X 1 0 1 

(Hftg^^T-) Y 10,037 6 73.55' 

Z 37, 142 

ffl^^M mm mmm ry-<^ 

1 oo (at) 

2 Ry -288. 420 1.5254 56.25 
R, -613. 123 Y 0.671 6 0.03' 
Ky 0 Z 20.040 

K. 0 

AR 0.115829 XIO-^ 
B R 0.204909 XIO'" 
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[0 0 6 2] m 



AP 
B P 



0. 203677 
0.171442 XIO^ 



Ry -200. 000 
R, -261. 675 



K. 
AR 
B R 
AP 
B P 

Ry 

K, 
K. 
AR 
B R 
AP 
B P 

Ry 

K, 
K, 
AR 
B R 
A P 
B P 



0 
0 

0.163562 XIO-^ 
-0.301809 X10->^ 
-0.564787 XIO-^ 
-0.123717 XIO^ 
102. 370 
68.331 
0 
0 

0.992790 XIO-^ 
0.605520 X 10-^2 
-0. 238580 
0.610124 XIO' 
-40.454 
-38.017 
-0.232146 
-5.408361 
0.921621 XIO-" 
-0.107135 XIO-^ 
-0.108753 XIO^ 
-0. 957482 



Ry -183. 184 
R, -172. 198 



Ky 
K, 
AR 
B R 
AP 
B P 



0 
0 

0.388012 XIO-^ 
-0.933882 XIO-^^ 
-0.173951 X10-» 
-0. 223255 
72.254 



Ry -92.917 
R, -42.127 
Ky 0 
0 



Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 

Y 
Z 



Y 
Z 

Y 

Z 



1.5254 
-1.792 
35.040 



1.5254 
-13.876 
48.040 



6.671 
3.099 



11.393 
36.812 

1.5254 
-15.000 
20. 000 
1.5254 
18.348 
21.000 



1.5254 
-11.323 
28. 472 
12.110 0 
20. 000 



6 



56.25 
38. 59' 



56.25 
87. 47" 



e 113.70° 



0 81. 18** 



56.25 
0. 00** 

56.25 
41.80*' 



56.25 
73.43*' 

79.60" 
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[0 0 6 3] 



AR 0.128407 X lO-** 

BR -0.307966 XIO''" 

A P -0. 161439 

B P 0.517646 XIO' 



oo (K) 

256.499 



Ry -261. Oi l 
R, -604. 816 
Ky -10,000000 



AR 
B R 
AP 
B P 
R, 

K, 

AR 
B R 
AP 
B P 



0 

-0.100334 X10-« 
-0.137823 XIO-^^ 
-0.679774 XIO* 
-0.312747 

166. 156 

106.217 
0 
0 

-0.171410 XIO-^ 
0.106042 XIO-^" 
0.286805 XIO^ 
0.948785 



-0.100334 X10-« 
-0.137823 XlO'^o 
-0.679774 XIO^ 
-0.312747 
74. 598 
111.513 
0 
0 

0.942722 X10-« 
-0.412902 X10-" 
0.261913 XIO^ 
0.378035 XIO* 



[0 0 6 4] ±mmmmi<Dmu^mi:m7 

-1I12.1I13-EI15.I111 6-111 8. HI 9- 



Ry -261. Oil 
R, -604. 816 
Ky -10.000000 
K, 0 
AR 
B R 
AP 
B P 

Ry 
Rx 
K, 

K« 
AR 
B R 
AP 
B P 



mm 



Y 
Z 



Y 
Z 

Y 
Z 



Y 
Z 



Y 
Z 



Y 
Z 



12.512 
35. 183 

1.4870 
76. 098 
26. 430 
1.4870 
30. 709 
25.177 



1.4870 
-21.391 
51.676 



8.126 
81.238 



0 86. 16' 



70. 40 
-9.60'' 

70.40 
42. 39' 



1.54787 
30. 709 6 
25. 177 



70.40 
72. 57** 



47.40 
42. 39** 



6 112.83' 



Y 19.346 e 71.17' 
Z 78, 835 
112 1. 112 2-112 Aizm-To ^flh 

50 ^«L. -e<7)®ftlIi3tt^«i|m€:^-ro 
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[0 0 6 5] jii±, :>^^i^m<r>mi^^7pm^i:'mt'mizm 

isM^mm^Mi^mTfi^m (hmd) 2 1 1 Lxm^-r 
^ici±, 112 5 (a) tcBfMia. iffiii (b) {zmmm^ 
m-tXTiz. mz.\£^y hVN->K2 oi^^i-ufxmm 
^(osMUiz^mLxi^m-t^. z<oimm<o^^{z. m 

t-XlillftS^*^ 8 (735*ft t fig L TtlST- i ^ i 9 

[0 0 6 6] a±<D^^m<omiM.m7nmmimx.i£>ko 
x^izmiSL-ri^t^^x-t^o 

mm^^m t ^> ^: MftS/T^sa v > r , Atrt ii 

mtmim^^m^F iz m ^ i&^i^itw- izvt^x±m' 
mm^izi5:mLfzmmmx$)^mim. 
mm^mm \zm u-cmv^/^^pko ^ ;t-r 

mm^Tpm^f-iziim Lfz^mmx-^^m 4 ffir-«fiS;? ;a 
-cijf), mfie^iffi, ifris»3®. Uriels 4 ffi-cjgfiS; $ 

^x/c^K3!)>-®W^34>' 1 J: 0 :^ ^ ^m^lz i. o Tffi;^c ? i% 

[0 0 6 7] [2] mtimzmumm^izHLxmm 
^\^iftc^^mmmx'^^:^ti:w^t-ri,±%i ens 

35° < u< 6 0° 

-0. 0 3<Chm<-0. 0 0 2 

[0 0 7 7] [12] BtrlEiifga^«^<os^si±mr 
iimm^^mizHLxm^'x^m^tix^^^ :^ t sr#gi 

t1-^±fiE [1] i)-h Cl 1] <73HtL*- 1 Sffi«E<7)liif^ 

[0 0 7 8] [13] mwm{%.^7nm^ t mimrnit 

*-r^Ci:^4#iit1-i±tB [1] Tj-^b [12] coHtt 

[0 0 7 9] [14] leMfts^^?- 1 mrfe^HR^fe 

[1] <b [12] (r>mixii^imm.(r>m\nB:yF-^m.^ 
[0 0 8 0] [15] mmi^m.^^mm.(r>'prj: < t 
2m.-^-^<Dmmx'^wti>^n^Wi^^-ri^ w t - 

®ti--?>±fa [1] 7j»e> [14] <r>nix-A-].miM.<r>m 
[0 0 8 1] 



[0 0 6 8] [3] mum\mitiL<o^^'7~im-rh 
j2iiffif*-i)Ci:^#iit-ri±ie [i] K^oHfts 

05 [0 0 6 9] [4] mti.m2m\mu^2m\znLx 
mmi\p\^iitzK%mx^i,:^t'ki^WLt-ti,±.u [1] 

[0 0 7 0] [5] flilEcOil'^^< 1 1 4ISC04', ^J'-^: 
< t 2ffi(i/N'7-?r*LT(/>rtl^#^Ittlc*=f LTM 
10 <.i}-X\m'L^\^X\^^i,^ti^WLt-ti>±M [1] 12© 

[0 0 7 1 ] [6] fltriao^lM, »2M, ^3ST- 
15 ^'i-&c<!:^!|#^8cti->&±K [1] f2®<Diljf&«^g 

So 

[0 0 7 2] [7] mtim im. m2m. ^sMRi/ 

#^i:i-^jife [1] mm.<Dmi^mm^mio 
20 [0 0 7 3] [8] mu^im. m2m. msMRv 

i,zti^WLt-r&±m [7] i2«<osifts^^ao 
[0 0 7 4] [9] mtzmim. m2m. msmRir 

25 ®i:1-*±fe [7] f£«0®ftft^^go 

[0 0 7 5] [10] mtim2m<omutmm^iM.m 

O^-t^^ u ^r-t^t ^, 

• • • (8) 

[0 0 7 6] [11] BuKIR 2ffi(^ffiIST-<7)ffi^S:C 
30 i^b-ti>t^^ 

(mm-') • • • (9) 

[i&^o5cij:^] a±<DWLm-i^^mhA-^j:Ji')iz. :^^m 
<Dmmm7jimw:izx^ t , ti:y^^mmmf^X'$mifZ^hmm 

35 [HfficOW^^Si^] 

[m 1 ] ^^^m<omi&&\ i wMftR^sBcoWMni-c*) 

^ o 

[112] *l§^<7?IIJfei3^J2<01jft*^SBW8ffHI2I-C-* 
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